Purposes Hemodynamically unstable pelvic trauma has been a significant challenge even in most experienced Trauma Centres. In 2011 preperitoneal pelvic packing (PPP) was introduced in our Hospital as the first manoeuvre. This study aims to review overall mortality at 24 h from arrival in the emergency department. Methods A retrospective review of our prospective database was performed considering patients with systolic blood pressure (SBP) < 90 mmHg or with the need for more than 2 Units of packed red blood cells (PRBC) on admission in the emergency department, (ED) and a pelvic fracture. Values were expressed as a median and interquartile range. Continuous variables were compared with the Mann-Whitney test. Results Between September 2011 and December 2016, we treated 30 patients. Median age was 51 years (40-65) and Injury Severity Score 36 (34-42). SBP in the ED was 90 (67-99), heart rate was 115 (90-130), Base Excess − 8 (− 11.5/− 4.8), pH 7.23 (7.20-7.28). Median PRBC requirements during the first 24 h (from admission) were 13 Units (8-18.8). Time to emergency treatment was 63 min (51-113). 17 patients (56.6%) underwent angiography after PPP. Overall 24 h mortality was 30%. A comparison between survivors and non-survivors showed no statistically significant differences between groups. Conclusions In our experience, PPP resulted to be quick to perform and effective. No death occurred from direct pelvic bleeding.
Introduction
Hemodynamically unstable pelvic trauma in multi-trauma patients still represents a challenge even in most experienced Trauma Centres. Mortality remains as high as 30-40% despite improvement in technique and organisation of trauma systems, with a drop from the initially reported mortality of 50-60% [1] [2] [3] [4] [5] . Different management approaches have been proposed, but there is still no consensus on the appropriate algorithm [6] [7] [8] [9] . The two main options consist of angiography (AG) as the first emergent treatment or preperitoneal pelvic packing (PPP) with or without external fixation (EF). AG was the first method to be proposed in the 1970s to control pelvic bleeding [10, 11] but a significant pitfall of this approach lies in the fact that pelvic fractures are more commonly associated with venous bleeding [12] . Another critical issue is that AG is frequently based on on-call personnel, mainly during nights and weekends, and takes a long time to be ready leading to a delayed bleeding control for logistic reasons [13] [14] [15] . AG has become the primary tool in haemorrhage control in the USA [16] [17] [18] , even if a recent paper by Tesoriero et al. questioned this traditional approach [19] . On the contrary in Europe a different method, based on PPP with or without EF, was initially proposed by Tim Pohlemann in 1994 [20] and Ertel in 2001 [21] . This approach relies on the control of the venous bleeding using pelvic retroperitoneal gauzes while the adjunct of EF provides stability to the fracture edges and clots. AG is eventually associated with PPP/EF as needed if no improvement is found. The World Society of Emergency Surgery published recent guidelines that support the PPP approach instead of AG as a first manoeuvre [22] .
All these aspects prompted us to evaluate the Denver group experience after a 1-month visit in 2011 [2, 23, 24] . On this basis, we developed a new algorithm which was later validated during a national consensus conference [25] . This approach considers PPP as the first approach to pelvic bleeding control, with or without external pelvic fixation. This paper aims to present our experience in early (24 h) mortality of unstable pelvic trauma. We hypothesised that this new protocol contributed to achieving a lower mortality rate for severe pelvic bleeding compared to other experiences without PPP.
Methods
This is a prospective validation of our protocol from the analysis of our prospective database to validate a new protocol, implemented in September 2011, for the treatment of hemodynamically unstable pelvic adult trauma patients. We considered only patients with hemodynamic instability [defined as Systolic Blood Pressure (SBP) < 90 mmHg or with the need for more than two units of packed red blood cells PRBC on admission in the emergency room, ED] and a pelvic or acetabular fracture. Acetabular fractures were considered because these fractures require angioembolization due to arterial damage and hemodynamic instability [26, 27] . Fractures were classified according to Arbeitsgemeinschaft Osteosynthesefragen-American Orthopaedic Trauma Association (AO-OTA) classification; pelvic fractures were classified as A, B or C according to the presence of mechanical stability, anterior disruption or complete instability, respectively [28] .
Our hospital has been designated as a Level I Trauma Centre by the regional authority (Regione Lombardia, Northern Italy). It is a one thousand beds general hospital with a catchment area of around 1.2 million people on a whole province base. The new protocol ( Fig. 1 ) was established in September 2011 and was based on PPP and EF, the latter whenever possible and achievable, due mainly to organisation issues, for the treatment of hemodynamically unstable pelvic trauma. All patients were treated in the ED with a pelvic binder (T-POD ® Pelvic Stabilization Device Pyng Medical Corp. Canada) PPP was carried out in the Operating Room (OR) where one attending general surgeon with a specific experience also in trauma surgery is on duty 24 h a day with one or more residents. EF could be accomplished simultaneously or after the CT scan, according to the availability of a trauma orthopaedic surgeon on duty. Our hospital had not yet completed at that time the appropriate training for all the twenty orthopaedic surgeons on the rota, so, unfortunately, EF could not always have been accomplished as needed. Our actual technique for PPP follows the modification of the original procedure by Pohlemann and Ertel as proposed by the Denver group [24] . Only after completion of PPP and if necessary a laparotomy, the patients could be transported to the CT suite or the angiography suite, as needed. No local expertise for resuscitative endovascular balloon occlusion of the aorta (REBOA) was present during the period of study. A massive transfusion protocol was also not established, so a laboratory driven approach (based on platelets count, International Normalized Ratio, fibrinogen level) without a specific alert for the blood bank for massive transfusion was in place.
Continuous data are expressed as median (and interquartile range IQR) or mean (and standard deviation SD) as appropriate and were compared with the Mann-Whitney test for non-normally distributed variables or Student's t test for normally distributed. Categorical data were expressed as proportions and percentages and were compared with the Pearson's uncorrected test. p < 0.05 was assumed as significant. Statistics were calculated using SPSS 20.0 (IBM Corp. 
Results
From September 2011 to December 2016, 399 patients were admitted to our centre with a pelvic fracture. 30 of them (7.5%) underwent treatment for hemodynamically unstable pelvic fractures (73.3% males). Baseline clinical characteristics of patients are shown in Table 1 . Median base excess (BE) was − 8.0 (− 11.5/− 4.8) and pH 7.23 (7.20-7.28 ). Types of fracture were: one acetabular (and type A), accounting for the 3.3%, 10 type B (33.3%) and 19 type C (63.3%). Concomitant injuries with Associated Injury Score (AIS) > 2 were present in 12.5% of patients for head, 37.5% for chest and 12.5% for abdomen. Median time spent in the ED was 59 min (30-135) while time to emergency treatment, PPP plus/minus EF, was 63 min (51-113) from the arrival in the ED. Additional procedures (laparotomy and thoracotomy) were performed in 13 patients (43.3%). Among these, in 36% any lesion required surgical treatment (two splenectomies, two bowel resections, two thoracotomies with minor bleeding and air control). 17 patients (56.6%) underwent angiography due to persistent hemodynamic instability, but only 11 (36.6%) had therapeutic angioembolization (TAE). Overall only 5 out of 30 patients (16.6%) underwent EF concomitantly with PPP. Median transfusion rate in the first 24 h was 13 Units of PRBC (8-18.8), 9 Units of FFP (4-15) and 2 Units of platelets (1-3). PRCB/FFP ratio was 1.6. Crystalloids infusion rate within the resuscitation phase until the emergency procedure (comprising the field phase) was a median of 1250 ml (1000-2375). Overall mortality was 30%: 8 patients died because of Multi-Organ-Failure or physiologic exhaustion (trauma-induced coagulopathy) and one because of severe traumatic brain injury. One of the patients who died because of physiologic exhaustion was transferred from another facility 3 h from the event and after a CT scan during hemodynamic instability. All deaths occurred in the first 24 h of the traumatic event.
A comparison between survivors and non-survivors showed no statistically significant differences between groups (Table 2 ). Three patients in the non-survivors group died because of severe traumatic brain injury, five because of multiple organ failure and traumatic coagulopathy, and one because of persistent pelvic bleeding.
Discussion
Optimal treatment for hemodynamically unstable pelvic trauma is still under debate, notwithstanding the increasing amount of literature on this topic. There are two major approaches: AG as the first manoeuvre to be accomplished or PPP as the emergency approach. AG is still regarded, after more than 40 years [10] , as the primary tool in many US Trauma Centres [6, 9] , despite a recent rethinking of this approach [19] . PPP has been an option for the last two decades only, mainly in European trauma centres [29] . In our hospital, a surgeon with interest in trauma is in-house 24-h-a-day while the interventional radiologists are on call during off-hours. All this background and the Denver experience [7, 23, 24] prompted our group to implement an algorithm in 2011 with PPP/EF as the first surgical manoeuvre in case of hemodynamic instability and a pelvic fracture (Fig. 1) . Previous data demonstrated that AG is far more time-consuming than PPP [19, [30] [31] [32] [33] , so we preferred to consider PPP as the first and quickest choice for treatment, with AG as a second option in case of permanent hemodynamic instability. EF is regarded as a crucial manoeuvre in the management of these patients, and our protocol considers it when feasible and possible. Our experience demonstrates that PPP-based protocols can achieve acceptable mortality rates because of the possibility of prompt treatment, relative easiness of implementation in any setting provided to be in a multidisciplinary and collaborative environment. We believe that trauma patients' management by a multidisciplinary team activity reduced ED length of stay and time to intervention and allowed a more appropriate treatment [34, 35] . Moreover, we think that a significant role in the optimal control of pelvic bleeding was played by PPP introduction as in other experiences [36, 37] and reviews [38] [39] [40] .
In one case emergent EF of the pelvis was accomplished by a C-clamp as first described by Ganz [41] . Other patients were fixed by an anterior iliac fixation. At our Centre, the main difficulty in the complete application of the protocol was represented by the frequent unavailability of an in-house committed orthopaedic trauma attending; in this context, some patients were treated with PPP associated with pelvic binder positioning. We recognise and underline that an effort to achieve optimal team collaboration is essential [42] . So in our experience the majority of patients underwent PPP with a pelvic fixation by the only pelvic binder, achieving definitive fixation in the next few days: this issue is part of continuous professional development since we are aware of the importance of EF in the management of these complex patients. Our experience differs from others' [7] which can involve more easily orthopaedic surgeons to fix the pelvis while other groups consider that PPP can be harmful instead of beneficial for the hemodynamic status of these patients: we are not in the position to agree with that statement [43] .
Our mortality rate is comparable to mortality rates of groups which perform PPP [8] , while it is lower, as compared to experiences with protocols considering AG as the first emergency manoeuvre [19] . Other authors advocate a different approach according to the time of the event: AG first during daytime and PPP during night time, because of easier access to interventional radiology. In our opinion, this statement is not acceptable, because AG is almost invariably more time-consuming than PPP. A frequent criticism of this approach is that pelvic fractures are more commonly associated with venous bleeding [12] . Moreover, in others' experience patients had a better hemodynamic status and sometimes with a lower ISS [19, 44] .
We do not believe that pelvic binder alone is sufficient to control critical bleeding from cancellous bone and venous vessels damage, due to the temporary effect and the risk of skin pressure sores [45] [46] [47] [48] . So we suggest, as other trauma centres, EF or PPP as the best emergent treatment for these patients [7, 23, 24, 49] , even if we still rely on the pelvic binder in the vast majority of patients, as stated before, for organisation issues. Other authors consider the appropriate coagulation management the unique critical factor to achieve bleeding control [50] , but in our experience, PPP represents the surgical procedure which is likely to have improved the outcomes of these patients, especially considering the differences with our previous experience (unpublished data). We must declare, on the other hand, that we have no official, massive transfusion protocol in place.
In our experience, we found a high incidence of no therapeutic laparotomy (4/11, 36%). 70% of that comes from the first 3 years of experience during protocol implementation when the profound shock could play a role in the decision to access the peritoneal cavity despite a negative FAST. Interestingly in our case series, AG and TAE after PPP had a higher incidence (56% and 36.6%) than others' [8] . A possible explanation is that the decision is often taken right after the surgical procedure without a previous ICU attempt to stabilisation, and this can lead to an overuse of the radiological intervention. We must report two sciatic roots damage in the early phase of our PPP experience that was not previously reported in the trauma literature [51] . These two patients had a long-lasting postoperative course with a complete recovery only after 1-2 years. We are not in the position to exclude that this kind of lesion was due to the PPP technique rather than a sacral fracture/dislocation because the patients came intubated in the ED and no report was available on legs function. On the other hand, we believe that excessively tight packing could be the cause of this problem at the beginning of our experience and we modified our packing technique now using smaller pads. However, significant complications directly due to the procedure seem to be low and, together with the encouraging results, this treatment should be, in our opinion, the first choice in case of hemodynamic instability.
Our work presents several limitations, first because it is a single institution series. Another criticism is a possible selection bias due to the creation of the regional trauma system, which from April 2011 had a significant impact on the centralisation of patients. The considerable number of patients treated since the beginning of our experience might have had a role in improvements in outcomes, and this might be independent of the compliance with a treatment protocol for pelvic fractures. A previous paper from our centre already considered a comparison group and found that patients were not different in terms of age, ISS, Abbreviated Injury Scale, and severity of trauma-induced coagulopathy. Given the different conditions in which patients were treated before and after the introduction of the protocol, we decided to review only our experience with PPP.
The median SBP was found to be around 90 mmHg, which might reflect a tendency to over-treat patients who were not appropriately resuscitated and who would not have been considered hemodynamically unstable if a damage control resuscitation protocol had been in place. In other terms, we could have suffered an excessive indication to PPP due to an incomplete organisation in the management of trauma-induced coagulopathy. We must underline that our Trauma Centre, as all Level 1 in Italy, has not dedicated trauma surgeons. All general surgeons in Italy deal with gastrointestinal, emergency and trauma surgery. In our experience, 36.6% of patients underwent a negative angiography. As stated before we believe that this high proportion is as well related to a tendency to over-treat patients that were unstable at the arrival in the ED, even if a more "tailored" approach could save unnecessary interventional procedures. Other groups had an even higher proportion of negative procedures: 54% in the Denver experience [8] .
In the American setting, an "AG first" approach is still regarded as the best option for emergency bleeding, even if arterial bleeding has been accounted only for 15% of cases [12] . On the other hand, we think the PPP plays a crucial role in this lifesaving procedure [7, 23, 24, 52] because AG needs more time to be settled, at least in our experience, and other groups reported even longer time to prepare [14, 53, 54] , and the availability of in-house angiography service 24 h-a-day is far from being widespread [7, 14] .
In the last years, another option in the treatment of these complex patients is resuscitative endovascular balloon occlusion of the aorta (REBOA) that has not been implemented yet in our experience [55, 56] . We think that this tool will be part of our algorithm soon in the future, provided we have gained sufficient multidisciplinary approach to this percutaneous technique.
EF is in our opinion of paramount importance, but in our experience, its role is far from being fixed, mainly due to organisational issues. In our experience, this algorithm had improved mortality concerning the treatment strategy before, as we recently published [57] .
Conclusion
In our experience PPP proved experience to be readily achievable in the emergency setting to control severe pelvic bleeding. Our mortality rate experience is comparable to other results in the literature, but we need to monitor the correct indications after the implementation of a protocol for massive transfusion that, as many groups have already stated, can furthermore lower the need of this manoeuvre. EF is of paramount importance but in our experience has not gained its role yet due to the lack of confident trauma orthopaedic surgeons on the full rota.
